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1 IMAGING SYSTEM HAVING AN INTERMEDIATE. TRANSFER MEMBER 

2 FXEU) OF THE INVENTION 

3 The present invention relates to Imaging apparatus in 

4 general and, more particularly, to liquid toner imaging 

5 apparatus which employs an intermediate transfer member for 
5 transfer of images from an imaging surface to a final 

7 substrate . 

8 BACKGROUND OF THE INVENTION 

9 Imaging systems which utilize Intermediate transfer 

10 members are well known* 

11 U.S- Patent 5,047,808, which is commonly assigned with 

12 the present application and which is incorporated herein by 

13 reference, describes a liquid toner imaging system having an 

14 intermediate transfer member with a silicone rubber release 

15 coating. 

16 PCT publication WO 90/14619, which is commonly 

17 assigned with the present application and which is 

18 Incorporated herein by reference, describes a liquid toner 



19 system having an Intermediate transfer member with a 

20 silicone rubber coating. The Images are heated on the 

21 Intermediate transfiar member to a temperature at which the 

22 polymer in the toner particles solvates the carrier liquid 

23 and is thereby plasticlzed. The image, including the liquid 

24 carrier therein. Is transferred in its plastlclzed state to 
25. the final substrate. 

26 PCT publication WO 92/10793, which Is commonly 

27 . assigned with the present application and which is 

28 incorporated herein by reference, describes a liquid toner 

29 Imaging system in which the Intermediate transfer member is 

30 cooled after transfer of the toner image therefrom to the 

31 final substrate. The reason for such cooling is to avoid 

32 damage to the photoreceptor during trans f r of the next 
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1 image to the intermediate transfer member. The intermediate 

2 transfer member has a silicone rubber release coating. 

3 U.S. Patent 4,453,820 to Suzuki describes a powder 

4 toner imaging system in which the toner is heated to a 

5 fusion or melting point on an intermediate transfer member 

6 and in which, for high speed operation, the intermediate 

7 transfer member is cooled, to avoid damage to the 

8 photoreceptor. 

9 PCT publication WO 90/04216, which is commonly 



10 assigned with the present application and which is 

11 incorporated herein by reference, shows a liquid toner 

12 imaging system in which the liquid toner image is at an 

13 elevated temperature during transfer of the image from the 



14 photoreceptor to the intermediate transfer member. 

15 U.S. Patent 3,795,033 to Donnelly et al describes a 

16 fuser roller for fusing liquid toner images which is coated 

17 with a silicone elastomer. 

18 SUMMARY OF THE INVENTION 

19 The present invention seeks. In certain of its 

20 aspects, to reduce the temperature of Intermediate transfer 

21 members used In liquid toner dLmaglng systems. 

22 The present invention seeks, in certain of its aspects 

23 to provide a longer lasting intermediate transfer member, 

24 especially for use with liquid toner systems. 

25 The present invention is especially useful in liquid 



26 toner imaging systems. In a preferred liquid toner system a 

27 liquid toner Image is formed on an imaging surface using 

28 liquid toner comprising carrier liquid and toner particles 

29 which are substantially insoluble in the carrier liquid but 

30 which solvate the carrier liquid at elevated temperatures. 

31 Substantial amounts of liquid are preferably removed 

32 from the image while it is on the imaging surface and the 
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1 Image is then, preferably electrost:ai:±cally^ transferred to 

2 an Intennediat transfer member. The image is heated on the 

3 intermediate transfer member to a temperature above the 

4 solvation temperature so as to enhance it adhesiveness and 

5 is then transferred to a final substrate. In some systems a 

6 second intermediate transfer member is interposed between 

7 the intermediate transfer member and the final substrate. 

8 Preferably, enough carrier liquid is removed from the Image 

9 on the Imaging surface that the image (toner particles and 

10 carrier liquid) forms a single phase* at the temperature to 

11 which it is heated on the intermediate transfer member. 

12 For multi-color Images, liquid toner image layers of 

13 various colors are sequentially formed on the imaging 

14 surface and are sequentially transferred to the intermediate 

15 transfer member for subsequent transfer to the final 

16 substrate. In one embodiment the liquid layers are overlaid 

17 on the intermediate transfer member and in another 

18 embodiment the layers are sequentially transferred to the 

19 final substrate (or the second intermediate transfer layer) 

20 and are overlaid thereon. In general no further fusing and 

21 fixing of the image is required after transfer from the 

22 intermediate transfer member to the final substrate. 

23 Depending on the toner materials used, transfer from 

24 the Intermediate transfer member to the final substrate 

25 (second transfer) should be possible at relatively low 

26 temperatures in accordance with theory. However, when the 

27 Intermediate transfer member is heated to these low 

28 temperatures, the overall transfer process is poor. Second 

29 transfer is clearly worse at low temperatures. It is 

30 believed that transfer to the intermediate transfer member 

31 from the image forming surface (first transfer) is also 

32 adversely effected. Thus, at an intermediate transfer member 



wo 94/23347 



- 4 - 



PCT/NL93/a0193 



1 surface temperature of 85 *C, images exhibited substantial 

2 squash (manifest d as dot spreading) and Incomplete 

3 transfer. 

4 Furthermore, at lower temperatures the intermediate 

5 transfer member suffered from a certain amount of 

6 unexplained •'memory" in which the transfer characteristics 

7 of the .system were affected by the previously transferred 
B Image. Thus, even when all of the toner from the previous 
9 Image was transferred from the Intermediate transfer member 

10 to the final substrate, there was a certain amount of 

11 ghosting of the previous image on a new and different Image. 

12 This ghosting was manifested In dot spreading In portions of 

13 the Intermediate transfer member which bore toner particles 

14 on the previous cycle. 

15 In a particular machine. If the surface temperature of 

16 the Intermediate transfer member surface was above 115 *C or 

17 120 *C, there were neither dot spreading nor transfer 

18 problems. At temperatures of about 100 *C, there were no 

19 transfer problems, but dot spreading caused by memory 

20 effects was still apparent. Below about 95 *C, both dot 

21 spreading and transfer problems were apparent. 

22 For high speed printers, such as that of the above 

23 described apparatus, no post second transfer cooling of the 

24 Intermediate transfer member Is required even at 

25 Intermediate transfer member surface temperatures of 115 *C - 

26 120*C, since the photoreceptor Is not heated sufficiently 

27 during first transfer to cause any change In photoreceptor 

28 characteristics, or any damage to the photoreceptor. 

29 Furthermore, the photoreceptor Is cooled to avoid problems 

30 of overheating so no cooling of the Intermediate transfer 

31 member Is required by the system as was required In the 

32 prior art references noted above. 
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1 It has been found, howev r, that: the abrasion 

2 resistance of the intermediate transfer member is 

3 considerably reduced as its temperature is raised in the 

4 presence of carrier liquid such as Isopar. It is expected 

5 that the life of the member may be shortened when its 

6 temperature is raised to the higher temperature at which 

7 transfer is satisfactory, or even to the temperature at 



8 which transfer problems disappear* 

9 The present Invention Is based on a new understanding 

10 ' of the process of successful first and second transfer, 

11 which allows for reduction of the surface temperature of the 

12 Intermediate transfer member to the surface temperature 

13 actually required for second transfer. At this lower 

14 temperature, which can be as low as 60 *C to 70 *C, but Is 

15 preferably 85 *C to 95 *C, the lifetime of the Intermediate 

16 teansfer member Is markedly Improved. Furthermore, since the 

17 coheslvlty of the toner Is higher at the lower teunperatures, 

18 transfer of the Image from the Intermediate transfer member 

19 should be more complete at the lower temperatures* 

20 Some experiments show that both major failure modes of 

21 the intermediate transfer member. I.e., loss of release 

22 properties and loss of resilience appear to have a strong 

23 dependence on temperature, at least above some particular 

24 temperature. 

25 It should be understood that, as a practical matter. 



26 the core of the Intermediate transfer member Is 

27 ' substantially hotter than Its surface. During Idle periods 



28 or paper jams the surface temperature can rise markedly, so 

29 that reduction of the required surface temperature, which 

30 carries with It a reduction of the core temperature, is an 

31 Important consideration. 

32 Applicants believe that during first transfer at least 
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1 some of -the carrier liquid^ which Is present In the liquid 

2 toner Image In relatively large amounts (about 50-75 percent 

3 carrier liquid In the Image areas after liquid removal by an 

4 electrified squeegee roller). Is absorbed by a silicone 

5 release coating on the intermediate transfer member. While 

6 the amount of liquid which Is absorbed Is small, this liquid 

7 absorption causes the viscosity of the Image to Increase 

8 enough so that the Image resists any tendency to squash 

9 during first transfer. 

10 However, If the lower temperature for the Intermediate 

11 transfer member Is used, the liquid which was absorbed by 

12 the very thin silicone release layer apparently remains In 

13 the layer when the Image Is transferred to the final 

14 substrate. When the Intermediate transfer member Is operated 

15 at low temperatures, the liquid which remains In the 

16 silicone layer reduces or Inhibits fur1:her absorption of 

17 liquid from the next transferred Image. Furthermore, It 

18 appears that the amount of liquid remaining In the release 

19 layer ( and hence the amount which acts to reduce liquid 

20 absorption In the next Image transfer) Is different for 

21 print and non- print areas of the Image, resulting In the 

22 aforementioned ghosting. 

23 This retention of liquid In the Image appears to have 

24 a strongly deleterious effect on second transfer as well. It 

25 ' Is believed that, when the amount of liquid In the Image Is 

26 decreased, the toner particles more easily form a single 

27 phase with the liquid at a lower temperature than If there 

28 Is an excess of carrier liquid. When the Image Is In a two 

29 phase situation, squash can more easily occur since the 

30 toner particles are somewhat free to move In the excess 

31 • liquid. When the toner Is In a single phase, all of the 

32 liquid Is absorbed by the toner particles and movement of 
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1 the particles during second transfer is less likely« 

2 Furth rmore^ complete second transfer is enhanced by 

3 increased viscosity of the image. When the particles are 

4 contained in unsolvated (free) liquid, the overall viscosity 

5 of the image is reduced and splitting of the image and 

6 incomplete transfer may result. However, the viscosity of 

7 the toner particles themselves does not depend on the excess 
6 carrier liquid so that transfer to the final substrate is 
9 not adversely affected when the excess liquid is removed. 

10 In some aspects of the present invention, means are 

11 provided for removing absorbed liquid from the intermediate 

12 transfer member after second transfer and before subsequent 

13 first transfer of a subsequent image. 

14 One way to remove this carrier liquid is by heating 

15 the intermediate transfer member during the period between 

16 second transfer and first transfer of the subsequent image. 

17 This was apparently the major positive effect of heating the 

18 intermediate transfer member to above 115 ♦C to 120*C as 

19 described above. 

20 The present inventors have also found that when air at 

21 room temperature is blown over the surface of the 

22 intermediate transfer member downstream of second transfer, 

23 the vapor pressure of the carrier liquid Is reduced and 

24 removal of the minute amounts of carrier liquid in the 

25 release layer is effected. Blowing heated air over the 

26 surface of the intermediate transfer member has the same 

27 salutory effect as using room temperature air. When air is 

28 blown over the surface, the surface temperature of the 

29 intermediate transfer member can be reduced to 95 with no 

30 problems. For lower temperatures, carrier liquid removal is 

31 low even when air is blown on the surface after second 

32 transfer. 
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1 In a further embodiment of the invention, oxime cured 

2 silicone rubber Is used as the outer release layer of the 

3 intermediate transfer tnember. It has been surprisingly found 

4 that such oxime cured materials have much longer life than 

5 silicone rubber cured by other systems. Such oxime cured 

6 rubbers in general do not appear to require any fillers for 

7 strengthening as do other materials and as was previously 

8 believed was required, although filled material can be used. 

9 It is believed that this longer life of the oxime 

10 cured systems is based on Improved retention of their 

11 release properties when attacked by ozone, which is produced 

12 during the operation of most electrostatographic copiers and 

13 printers. 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
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1 BRIEF DESCRIPTION OF THE DRAWINGS 

2 The present invention will be better understood from 

3 the following detailed description of preferred embodiments, 

4 taken in conjunction with the following drawings of which: 

5 Fig. 1 is a simplified schematic sectional 

6 illustration of a liquid toner image system in accordance 

7 with a preferred embodiment of the invention; 

8 Fig. 2 is a perspective drawing of an air distributor 

9 in accordance with a preferred embodiment of the invention; 

10 and 

11 Fig, 3 is a graph showing the effect of removing 

12 entrapped carrier liquid from a silicone rubber release 

13 layer of an intermediate transfer member on the required 

14 temperature of the member. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

16 Fig. 1 Shows a preferred electrostatographic system in 

17 accordance with a preferred embodiment of the invention. The 
IB preferred system utilizes a drum 10 formed with a 

19 cylindrical . image forming surface such as a photoreceptor 

20 surface 16, arranged for rotation about an axle 12 in a 

21 direction generally indicated by arrow 14. 

22 A charger 18 such as, for example, a corona discharge 

23 device, is operative to generally uniformly charge 

24 photoreceptor surface 16 with a charge of a given polarity. 

25 Continued rotation of drum 10 brings charged photoreceptor 

26 surface 16 into image receiving relationship with an 

27 exposure unit 20. Unit 20 focuses a desired image, which may 

28 be laser generated, onto charged photoreceptor surface 16, 

29 selectively discharging the photoreceptor surface, thus 

30 producing an electrostatic latent image thereon. Unit 20 may 

31 be a laser scanner, an ionographic imaging unit or may be an 

32 optical system for projecting an image of a document to be 
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1 copied • 

2 Continued rotation of drum 10 brings charged 

3 photoreceptor surface 16 bearing the electrostatic latent 

4 image into operative association with a development unit 22, 

5 which is operative to apply a liquid developer to develop 

6 the electrostatic latent image. For multicolor copying or 

7 printing, development unit 22 can, for example, comprise a 

8 plurality of developers, one for each color, which are 

9 selectively engaged with the photoreceptor, as described, 

10 for example, in U.S. Patent 4,690,539, the disclosure of 

11 which is incorporated herein by reference. Alternatively a 

12 single development station where the liquid toner is changed 

13 between colors, or any other suitable developtnent system may 

14 be used. In general, the development process takes place at 

15 a relatively low temperature, namely approximately the 

16 temperature of the environment of the system* Other 

17 preferred development systems such as those described in 

18 U«S. Patent 5,148,222 are also suitable for use with the 

19 invention. 

20 . In accordance with preferred embodiments of the 

21 invention, liquid toners comprising toner particles, 

22 preferably particles having fibrous extensions, and carrier 

23 liquid are utilized in development unit 22. Types of liquid 

24 toner which are especially useful in the practice of the 

25 invention are described in U.S. Patent 4,794,651, the 

26 disclosure of which is incorporated herein by reference. 

27 Preferably, solvating liquid toner, comprising carrier 

28 liquid and toner particles which are substantially insoluble 

29 in the liquid and which solvate the liquid at elevated 

30 temperatures, as described in U.S. Patent 4,794,651 is used. 

31 In accordance with a preferred embodiment of the 

32 invention, following application of toner thereto. 
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1 photoreceptor surface 16 passes a typically positively 

2 charged rotating roller 26, preferably rotating in a 

3 direction indicated by an arrow 28* Roller 26 functions as a 

4 metering roller and reduces the thickness of liquid on 

5 photoreceptor surface 16. Typically the spatial separation 

6 of roller 26 from photoreceptor surface 16 is about 50 to 70 

7 micrometers • 

8 Preferably the voltage on roller 26 is intermediate 

9 the voltages of the latent image areas and the background 

10 areas on the photoreceptor surface. Typical voltages are: 

11 roller 26.: -200V, background area: about -lOOOV and latent 

12 image areas: about -150V. 

^3 When a reverse roller type developer is used, roller 

14 26 is generally unnecessary, except that, in certain high 

15 speed systems, a negatively charged roller as described in 

16 PCT publication WO 92/13299 may be used to remove toner 

17 particles on the background. 

^8 Liquid which passes roller 26 (or the reverse roller 

19 developer) should be relatively free of pigmented particles 

20 except in the region of the latent image. 

21 Downstream of roller 26 (or the reverse roller 

22 developer) there is preferably provided a rigidizsing roller 

23 30. Rigldizing roller 30 is preferably formed of a resilient 

24 polymeric material, such as conductive resilient polymeric 

25 ' material as described in either or both of U.S. Patents 

26 3,959,574 and 3,863,603. Roller 30 is preferably resiliently 

27 urged against photoreceptor surface 16. 

28 In a preferred embodiment of the invention, a 

29 rigldizing roller 30 operates as a biased squeegee roller. 

30 Roller 30 is negatively charged to a potential of at least 
31* several hundred and up to 2000 volts with the same sign as 
32 the charge on the pigmented toner particles, so that it 
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1 repels similarly charged pigmented particles and causes them 

2 to approach the image areas of the photoreceptor surface 16 

3 more closely^ thus compressing and rigidizing print areas of 

4 the image and facilitating the removal of liquid therefrom 

5 and from background (non-print) areas. Use of such 

6 rigidizing rollers to remove liquid from images is described 

7 in U.S. Patent 5,028,964. 

8 The image next passes a pre- transfer irradiation 

9 station, preferably comprising a light source 31. Use of 

10 pre- transfer erase for discharging photoreceptors in 

11 reversal developed imaging is taught in U.S. Patent 

12 5,166,734, the disclosure of which is incorporated herein by 

13 reference. 

14 Downstream of rigidizing roller 30 there is provided 

15 an intermediate transfer member 40, which rotates in a 

16 direction opposite to that of photoreceptor surface 16, as 

17 shown by arrow 41, providing substantially zero relative 

18 motion between their respective surfaces at the point of 

19 propinquity. Intermediate transfer member 40 is operative 

20 for receiving the toner image from photoreceptor surface 16 

21 and for transferring the toner image to a receiving 

22 substrate 42, such as paper. Disposed internally of 

23 intermediate transfer member 40 there may be provided a 

24 heater 46. The image on the intermediate transfer member may 

25 also be heated by an external heater prior to its transfer 

26 from the intermediate transfer member. In a preferred 

27 ' embodiment of the invention the intermediate transfer member 

28 comprises a soft layer 48 which is coated with a release 

29 coating layer 50. 

30 Various types of intermediate transfer members are 

31 known and are described, for example in U.S. Patent 

32 4,984,025; 5,047,808 and in assignee's co-pending U.S. 
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1 Patent application 7/293,456 filed January A, 1989, the 

2 disclosures of which are Incorporated herein by reference. 

3 While the intermediate transfer member Is shown as a solid 

4 drum coated with an intermediate transfer layer, a removable 

5 intermediate transfer blanket or a belt type Intermediate 

6 transfer member may also be used In the practice of the 

7 invention. 

8 Preferably, the Intermediate transfer member is 

9 electrically biased to attract the charged toner particles 

10 from the photoreceptor surface. 

11 The intermediate transfer members which are especially 

12 useful In some of the preferred embodiments of the Invention 

13 utilize silicone rubber or silicone release coating material 

14 as the release coating 50. Such materials are generally 

15 polydimethyl slloxanes with or without phenyl. 

16 In an especially preferred embodiment of the 

17 Invention, silicone rubbers which are oxlme cured 

18 (preferably containing ketoxlme groups as a cross-linking 

19 agent) are used as the release coating. These oxlme cured 

20 materials generally have less extensive utility and are less 

21 widely available than materials utilizing other cure 

22 systems. However, In the present application as a release 

23 coating for Intermediate transfer members, they have a very 

24 long life compared to silicone rubbers having other cure 

25 systems. The present Inventors believe that oxlme cured 

26 silicone rubbers are more ozone resistant than other 

27 silicone rubbers. Due to the presence of substantial 

28 concentrations of ozone In imaging systems of the type of 

29 the invention, this characteristic is of great importance. 

30 In a preferred embodiment of the Invention, soft layer 

31 48 underlies the release layer. This soft layer is 

32 preferably prepared as follows: 
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1 1- One Kg of Fomrez F50 polyurethane resin (Witco) 

2 Is sintered under vacuum at: 70 degrees Celsius; 

3 2- The produce of step 1 Is degassed at 120 degrees 

4 Celsius (In a hot oil bath) while being stirred under vacuum 

5 conditions. The resulting material Is stored under dry 

6 storage conditions; 

7 3- 20 grams of the result of step 2, 2.2 grams of 

8 RTV silicone 118 (General Electric, USA) and 2.7 grams of 

9 polymethylane dlphenyl Isocyanate are stirred together; and 

10 4- A 100 micrometer thick layer of the results of 

11 step 3 Is coated on the lower layers of the Intermediate 

12 transfer layer using a Bar #3 wire rod with three passes 

13 under clean conditions (class 100). The soft layer Is cured 

14 for 16 hours at room temperature under clean conditions, 

15 followed by two hours a-c 130 degrees Celsius. Alternatively, 

16 the material Is cured at 70 degrees Celsius for ten minutes, 

17 followed by two hours at 130*0. 

IB Preferably, this soft layer Is coated onto a 

19 compressible layer such as known In the art* 

20 In a preferred embodiment of the Invention the 

21 silicone release coating Is prepared and coated onto the 

22 Intermediate transfer member by the following method. 

23 1- 12 grams of RTV Silicon 236 (DOW CORNING) Is 

24 diluted with 2,0 grams of Isopar L and 0.72 grams of Syl-Off 

25 297 (DOW CORNING). This material Is oxlme cured; and 

26 2- A wire rod (bar #1) coating system Is used, with 

27 three passes, under class 100 clean conditions to achieve a 

28 7±1 micrometer release layer thickness. The material Is 

29 cured at 150 degrees Celsius for two hours. 

30 other oxlme cure system materials are also utilized In 

31 preferred embodiments of the Invention. Such materials 

32 Include Nu-Sll R-1007, R-1008, R-1009, R-lOlO, R-1030, R- 
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1 1048, R-1075, R-1130, R-1600, R-1505, CV-1142, CV-1142-2, 

2 CV-1143, CV-1143-1, CV-1144-0, CV-1144-2, CV-1152 and CV- 

3 1500 oxlme cured silicone materials marketed by McGhan NuSil 

4 Corporation of Carpintera, California. 

5 While these oxime cured materials are most preferred, 

6 other materials such as Syl-Off 294 and other silicone 

7 rubbers are also useful as release layers for intermediate 
6 transfer members* 

9 Following the transfer of the toner image to 

10 intermediate transfer member 40, photoreceptor surface 16 

11 preferably engages a cleaning s^tation 52. This station may 

12 be any conventional cleaning station, including a cleaning 

13 roller which may comprise a suitable resilient material such 

14 as foam polyethylene or neoprene. The cleaning roller may be 

15 wetted by clean lubricating cleaning liquid, which 

16 preferably comprises liquid developer from which all or 

17 nearly all of the toner particles have been removed. The use 

18 of a cooled clean liquid in the cleaning station also has 

19 the desired effect of cooling the photoreceptor and avoiding 

20 temperature creep of the photoreceptor due to its contact 

21 with the intermediate transfer member* The cleaning roller 

22 is driven so that its surface moves opposite to surface 16 

23 at their nip, to provide scrubbing action for removal of 

24 residual particles and carrier liquid from photoreceptor 

25 surface 16. An optional scraper completes the removal of any 

26 residual toner which may not have been removed by the 

27 cieandLng roller. 

28 A lamp 60 completes the cycle by removing any residual 

29 charge, characteristic of the previous image, from 

30 se m i c onductor surface 16. 

31 While a lamp 60 is conventional, the present inventors 

32 have found that, at least for reversal development, when 
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1 pre-transfer lrradial:±on Is used together with an 

2 electrified Intermediate transfer member, lamp 60 Is not 

3 generally required. In this case, the pre-transfer 

4 Irradiation followed by the positive electrification of the 

5 photoreceptor by the Intermediate transfer member act to 

6 make such discharge Inoperative. The use of a scorotron as 

7 charger 18, for charging the photoreceptor. Is Indicated In 

8 such situations. 

9 Transfer of the Image to Intermediate transfer member 

10 40 Is preferably aided by providing electrification of 

11 Intermediate transfer member 40 to a voltage generally 

12 having a polarity opposite to that of the charged particles, 

13 thereby causing electrostatic transfer of the particles to 

14 the Intermediate transfer member. A portion of the carrier 

15 liquid is also transferred to the intermediate transfer 

16 member. 

17 Subsequent final transfer of the image from 

18 intermediate transfer member 40 to substrate 42 is 

19 preferably aided by heat and pressure. A higher temperature 

20 than that used for first transfer is preferably utilized for 

21 this subsequent final transfer. In accordance with the 

22 present Invention. 

23 In the present invention the preferred second transfer 

24 step, i.e., the transfer of the liquid toner image to the 

25 final substrate, includes the heating of the image before 

26 and/or during second transfer. This further heating can be 

27 achieved by heating the image on Intermediate transfer 

28 member 40, for example by heat transfer from intermediate 

29 transfer member 40 during the interval between first and 

30 second transfer and/or by external heating of the image. 

31 Alternatively or additionally the further heating can be 

32 achieved by conduction heating of the image from the 
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1 substrate during second transfer. 

2 For multicolor systems. In accordance with a preferred 

3 embodiment of the Invention, the Individual color Images are 
^ first transferred to the Intermediate transfer member and 

5 then transferred. In aligned configuration, separately, to 

6 the final substrate. Alternatively It may be useful to 

7 sequentially transfer the separate colors to Intermediate 
6 transfer member 40 In alignment with and generally 
9 superimposed on and In registration with each other and then 

10 to transfer them together to paper or other substrate 42* 

11 It Is a characteristic of silicone rubber materials 

12 and of silicone release coatings that such materials solvate 

13 large amounts of the hydrocarbon liquids generally used as 

14 carrier liquids In liquid toners. When silicone materials 

15 solvate carrier liquid they become swollen* Nevertheless, It 

16 has been surprisingly found that coating an Intermediate 

17 transfer member with such materials which absorb or solvate 

18 carrier liquid (especially when the outer layer Is thin) 

19 results In Improved transfer of the Image from the 

20 photoreceptor to the Intermediate transfer member and from 

21 the Intermediate transfer member to the final substrate. 

22 Preferably, such layers should have a thickness less than 

23 three millimeters and more than 2 micrometers, with 2-3, 1 , 

24 10 and 100 micrometers and two millimeters being 

25 representative values. 

26 It should be xinderstood that, while the surface layer 

27 absorbs the liquid, the surface layer is preferably a non- 
28 porus, smooth layer. The absorption of the liquid is 

29 accomplished by swelling of the surface layer. 

30 It has been a goal of the prior art to remove excess 

31 liquid from liquid toner Images before or during transfer of 

32 the image to the final substrate. This is useful for 
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1 reducing squash during transfer. Transfer to a smooth 

2 surfaced intermediate transfer member generally will not 

3 result in any drying of the image and related rigidizing. 

4 However, when the release coatings of the present invention 

5 are used, nearly instantaneous drying of the image during 

6 transfer to the intermediate transfer member occurs 

7 resulting in more squash free transfer of the image. 

B In 6cm& cases when subsequent copies are made at short 

9 intervals euid new images are transferred to the intermediate 

10 transfer member, the advantageous effects of the coating are 

11 apparently reduced. This is believed to be the result of 

12 carrier liquid which remains in the release layer and 

13 reduces the amount of liquid which is absorbed in subsequent 

14 transfers. 

15 There is therefore provided, in a preferred embodiment 

16 of the present invention, means 62 for removing carrier 

17 liquid absorbed by the release layer of an intermediate 

18 transfer member after teansfer of an image therefrom. 

19 In one embodiment the means for removing comprises a 

20 fan which blows air onto the surface of the intermediate 

21 transfer member. This flow of air reduces the vapor pressure 

22 of the carrier liquid at the surface of the intermediate 

23 transfer member and aids in evaporation of the absorbed 

24 liquid carrier therefrom. Generally, this air flow is at 

25 room temperature; but, heated air works equally well in the 

26 present invention. 

27 While it is known, at least in the powder toner art, 

28 to cool intermediate transfer members before they contact 

29 the photoreceptor, to avoid damage to the photoreceptor; in 

30 the present invention, such air flow is applied even when 

31 the temp rature of the intermediate transf r member and 

32 amount of time which it contacts the photoreceptor are such 
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1 that no damage to the photoreceptor would result. 

2 Furthermore, for the air flow rates described below, 

3 measurements have shown that no appreciable cooling of the 

4 Intermediate transfer member occurs. 

5 Further, the end result of the practice of the 

6 Invention Is to reduce the amount of heating of the 

7 Intermediate transfer member so that, even during second 

8 transfer, the member operates at a lower temperature than 

9 would otherwise be required. This Is best understood by 

10 realizing that heating the Intermediate transfer member to a 

11 higher temperature than Is actually required for good second 

12 transfer also acts to remove absorbed carrier liquid from 

13 the absorbent surface. 

14 Fig. 2 shows a preferred embodiment 63 of an air flow 

15 device 62 for blowing air on the photoreceptor. Device 63 

16 comprises a capped hollow tube 64 which Is pierced by a 

17 plurality of holes 66 along Its length. These holes face the 

18 Intermediate transfer member and distribute a relatively 

19 uniform flow of air on Its surface. Fig. 3 shows a graph of 

20 flow rate as a function of blanket surface temperature* In 

21 this graph, operation to the right of the curve resulted in 

22 acceptable operation and operation to the left of the curve 

23 was not satisfactory, presumably because of squash on first 

24 or second transfer. The length of the tube Is about 300mm. 

25 Memory effects continued up to surface temperatures of 115 *C 

26 to 120*C. 

27 Alternatively, in a preferred embodiment of the 

28 invention, the holes may be replaced by slots or by a single 

29 slit running the length of the device. 

30 It is seen that the surface temperature of the 

31 intermediat transfer member can be reduced by 20-35 *C using 

32 moderate air flows, which by th mselves do not substantially 
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1 decrease the intermediate transfer member's temperature, 

2 Temperature reductions of 20-35 are very significant with 

3 respect to intermediate transfer member life and safety of 

4 the system in case of Jams* It should be understood that 

5 internal heater 46 is generally set at a higher temperature 

6 (up to 60* C higher) than the desired surface temperature. 

7 During paper Jams, portions of the surface can reach this 

8 higher temperature* In addition, the photoreceptor surface 

9 temperature increases. These effects can be deleterious to 

10 future operation of the system and sometimes can be 

1 1 dangerous • 

12 It Is thus seen that reduction of the Intermediate 

13 transfer member surface temperature has a multiplicity of 

14 beneficial effects. 

15 While the present invention has been described with 

16 reference to the preferred embodiments thereof, the 

17 Invention is defined solely by the following claims: 
18 

19 

20 

21 

22 

23 

24 

25 

26 

27 * 

28 

29 

30 

31 

32 
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CL&IKS 

receiving liquid toner images 
5 surface suitable for receiving m 

B «h.r.in r.1 .x.-c =-P-i." " 

9 cured silicone material. 



10 
11 
12 
13 



2. imaging apparatus comprising: 
an image bearing surface; 

^ .or f=r-l», . ton« on be«ln, 

BuxTxciwB r^ai-rier liouid 



16 

17 

18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



surface suixanxe *«- - 

o„^i.i„, ««« P.«1CX« a hyarccarbon carrier li,uid 
fro. a £lr« »rfae. «X> tr».*.rnna tn«. to a second 
L«.=.. «h.ra« «« r.X.a.. «««a=. =o.pri... a ..«r"l 
^ch aMorba or K.lv«». the carrlar liguldj 

flr« tr«u.£«r ««» *or tr»«temn, the l-a,e fro. 
«.e heerln, .»rface to the int.r..d..te tr»....r 



tn».£«: -a" tr»s£erxlng the l-^fle fro. 
inter-«U.te transfer ^ to a further surfaoe.- ana 
li,.ia re.»vel «ean. for re.ovln3 cerrier liquid 
ebaorhed or .olvated by the rel urf.ce, ..Id liquid 

. h.inu located downstream of the second 
removal means being ioca^e« 

29 transfer means . 

31 3. A«..r.tus accordln, to del. l "herein the silicone 

32 material is a silicone rubber. 
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1 

2 4, Apparatus according l:o claim 2 wherein the release 

3 surface comprises a silicone material « 
4 

5 5. Apparatus according to claim 4 wherein the silicone 

6 material comprises an oxlme cured silicone rubber. 
7 

8 6. Imaging apparatus comprising: 

9 cmd Image bearing surface; 

10 means for forming a toner Image on the image bearing 

11 surface; 

12 an Intermediate transfer member according to claim 1 

13 or claim 3; 

1^ first transfer means for transferring the Image from 

15 the Image bearing surface to the Intermediate transfer 

16 member; and 

17 second transfer means for transferring the Image from 

18 the Intermediate transfer member to a further surface* 
19 

20 7. Apparatus according to claim 6 and also Including 

21 liquid removal means located downstream of the second 

22 transfer means for removing carrier liquid absorbed or 

23 solvated by the release surface. 
24 

25 8* Apparatus according to any of claims 2, 4, 5 or 7 

26 wherein the liquid removal means comprises means for heating 

27 the intermediate transfer member after transfer of the image 

28 from the intermediate transfer member » 
29 

30 9. Apparatus according to any of claim 2, 4, 5 or 7 

31 wherein the liquid removal means comprises means for flowing 

32 a current of air along the surface of the intermediate 
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1 transfer member after -transfer of the image therefrom. 
2 

3 10. Apparatus accorddLng to claim 9 wherein the current of 

4 air does not substantially reduce the temperature of the 

5 intermediate transfer member over what it would be in its 

6 absence. 



7 
8 
9 
10 
11 
12 
13 
14 
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16 
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